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I. 2.  Reduction of the Gamow-Teller Matrix Element for the β-decay  




Orihara H., Terakawa A.*, Suzuki H.*, Kikuchi Y.*, Kumagai K.*, G. C. Jon.**, Ishii K.***, 
and Ohnuma H.**** 
 
Tohoku Institute of Technology, Yagiyama-Kasumicho, Sendai 982-8577, Japan  
Cyclotron and Radioisotope center, Tohoku University* 
Institute of Physics, Academia Sinica, Nankang Taipei, Taiwan 11592** 
Department of Quantum Science and Energy Engineering, Tohoku University*** 




The (p,n) reaction has provided us with information about spin-isospin, as well as 
isospin excitation modes in nuclei.  One can selectively excite the spin-flip components in 
the (p,n) reaction at intermediate energies1) through the relatively strong spin-isospin 
effective interaction (Vστ).  Low energy 35-MeV (p,n) reactions, due to the strong spin 
non-flip isovector effective interaction (Vτ), give us equivalent information on both 
excitation modes.  Moreover, it gives us a sufficient energy resolution to discuss (p,n) 
strength for individual nuclear levels2,3), although exchange contributions are important at 
low energies.  Various problems associated with the distorted-wave (DW) analysis of 
low-energy (p,n) data were discussed in detail by Ohnuma et al4).  It has been found 
possible to obtain basically the same information as that at intermediate energies if careful 
analysis including exchange terms is carried out.   
Recently, a simple but reliable linear relation has been found by Orihara et al.5) to 
calibrate the 35-MeV (p,n) cross section to the corresponding GT matrix element by the aid 
of the cross section for the IAS transition in the same reaction, and obtained GT-matrix 
elements have been successfully compared with those at the intermediate energy (p,n) 
reactions.  One of the interesting samples for application of this method is prediction of 
the GT matrix element for the 1+ → 0+ transition in the 70Ga – 70Zn system as illustrated in 
Fig. 1.   
As shown in Fig. 1, the parent nucleus 70Ga has two modes of decay occurring 
simultaneously with a half-life 21.14 minutes6), and with the percentage p of total decay 
occurring in the mode under consideration.  Beta-decay of the 1+ ground state of 70Ga is 
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dominated by the β- decay to the 0+ ground state of 70Ge.  The contribution of p to the log 
ft is proportional to log p7).  The old compilation for the log ft value of electron capture 
β-decay of 70Ga in Ref. 6 was 5.0 with the branching of 0.2%, and the reported value by 
Brumster8) was 4.8 with the percentage 0.24%, while it has been further revised in the 
recent compilation9) as 4.7 for the log ft value with 0.41% in Ref. 6 as shown in Fig. 1.  As 
such, it seems significant to study this β-ray strength by other method, for example, with 
the (p,n) reaction by which we are able to reduce the corresponding B(GT) value.  The 
transition having quite small branching with a large GT matrix element may present a good 
place to determine an important GT matrix element by the (p,n) reaction.   
 In this report, we discuss measurements of the weakly populated ground state 
transition in the 70Zn(p,n)70Ga reaction by means of high-resolution 35-MeV experiments.  
By the aid of the measurements for IAS transition, we suggest a new complementally value 
of the GT matrix element for 1+ → 0+ transition in the 70Ga – 70Zn system, applying the 
method in Ref. 5. 
The experiment was carried out using a 35 MeV proton beam from the AVF 
cyclotron and the time-of-flight facilities11,12) at the Cyclotron and Radioisotope Center at 
Tohoku University.  A beam swinger system was used to measure angular distributions of 
emitted neutrons between 0o and 140o (lab).  The target was a 4.04mg/cm2-thick metallic 
foil of 70Zn enriched to 85 %.  Neutrons were detected by an array of twelve detectors, 
which were located at 44.3 m from the target and contained a total of 23.2 liters of NE213 
scintillator.  The detector efficiencies were obtained from Monte Carlo calculations for 
monoenergetic neutrons with E ≤ 34 MeV.  Absolute detector efficiencies were also 
measured by counting neutrons from the 7Li(p,n)7Be reaction and comparing its yield with 
the absolute neutron fluence determined by activation.  They were in good agreement with 
the Monte Carlo calculations.  Overall time resolution was typically 1.3 ns corresponding 
to 174 keV for the most energetic neutrons.  Main contributions to this resolution were 
attributed to the time spread of the beam burst of incident protons.  Errors in the absolute 
scale of the cross sections were estimated to be less than 15%.  Further experimental 
details have been given in a previous report11,12).  
Figure 2 shows an excitation energy neutron spectrum measured at 20-degrees.  
The weakly populated peak to the ground state in 70Ga is clearly seen.  Background-free 
and high-resolution measurements have been achieved.  The over all energy resolutions are 
174 keV and 120keV for ground state and IAS transitions, respectively.  
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Figure 3 shows angular distributions for neutrons leading to the ground state, and to 
the IAS at Ex = 8.26MeV.  The curve for the IAS transition is macroscopic distorted wave 
predictions calculated by the computer code DWUCK13).  Optical potential parameters of 
Becchetti and Greenlees14) are used for the entrance channel.  Those for the exit channel 
were self-consistent potential parameters derived by Carlson et al15).  Parameters for the 
isovector part of the optical potential to generate the IAS transition are taken from Ref. 16.  
Including cross section magnitudes and their angular distribution, comparison for the IAS 
transition is quite satisfactory making clear the feature of the L = 0 transition which is 
common for the IAS and GT transitions.  Also illustrated, in Fig. 2, are cross-sections and 
their angular distribution for the 0+ → 1+ transition leading to the ground state in 70Ga.  
Though cross-section magnitudes for the IAS transition are almost 30 times larger than 
those for the ground state transition, these angular distributions are quite similar, except the 
angles at valleys due to the Q-value difference between these two transitions. 
The linear relation to calibrate the (p,n) cross section to the corresponding GT matrix 
element by the aid of the cross section for the IAS transition in the same reaction as 
described by the following relation as described in Ref. 5: 


















⎠ IAS, peak  
with <N>= 1.96 ± 0.11 as reported in Ref. 5.  T0 is the target isospin, being not introduced 
in Ref. 5, where only T0 = 1 case is discussed.  The factor of 1/3 is due to the spin of the 
initial state. 
 By taking into accounts the ratio of the cross section described before, we obtain 
the B(GT) value as 0.109 ± 0.016.  We translate the B(GT) into logft values by following 
relation, assuming the free values for vector and axial-vector coupling constants as (gA/gA)
2 




Thus, we obtain log ft = 4.56 ± 0.06.  The latter may be compared with log ft = 4.7 in Fig.1.  
The present log ft value yields (0.56 ± 0.07)% for the branching of electron capture β-decay 













 In a summary, the weakly populated ground state transition in the 70Zn(p,n) 70Ga 
reaction was observed successfully by means of high-resolution 35-MeV experiments.  By 
the aid of the measurements for IAS transition, we obtained a new value of the GT matrix 
element for 1+ → 0+ transition in the 70Ga – 70Zn system.  The present result suggested that 
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Fig. 2.  A sample energy spectrum for the 70Zn(p,n) 70Ga reactions at 20˚ with a flight path of 44.3m.  








































Fig. 3.  Differential cross sections for neutrons leading to the IAS and ground state in 70Ga.  The curves are 
macroscopic DWBA results described in text.   
 
